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The vpresent Inventfen-Telates to rotating': electrical machines. j:\r\ particular it 
; discloses a new way of arranging and operatingyan electric motor or generator. ■ v .; 



^i] ^ 5 Background Art , * . . ^ 

Electric motors have been in wide use for more than 100 years, ^Jn general, such 
motors are- classified as AC (altemating current) or DC (direct clinfent) according 
Jo the type of current drawn to power them. Within each type a variety of sub- 
classifications exist and a wide^ number of configurations have been tried to 
^" ^ 10 . obtain particular performance characteristics. ♦ ' 

/ . V The advent of high-cun-ent solid-state devices such as diodes and thyristors or . 
has enabledisignific 

..DC. motors,., allowing important iniprqvements to be obtained for/ various 

- applications. In the area of DC motors, such devices,^ coupled with accurate . . 

^^ v iv^^ISi^^ devices have enabled^ 

. such motors. ' The disclosures of Wilkinson (US^;i3.b25,443)^^^^^^^ 

■ ' " . - \ Guastadini in US 4,678,974. and vyo^86/p6564 are' e^^ 



precedirtg;c|iscuSsiph 

; '-{^^f^)^^^ ^ithe; disdu^ is riot 9n. acknowledge^ pf Ihe • m^terial'^^ 

to:was:::part^^p^^^ as^iat^the^^ I] 
'0) •3-priprity the- applicatibh;,/ y'l 0\ ^O- " :•• 



^i^yf^ of tlie;ex^ DC: voltage ^ h: 

of tii^;- high- 'X•X^ ^X'^- 

^^^^ cohtiiuiq^^^ torthe;:fi^ S .. : : ^ 

; . . ^ : ;:meai^s' between, c^^ with the high "voltage output and the' low voltage- • 

. . , , ; Ac(^rding.to a prefe 

\ is .dis(±)nnected fipr^ 

^ U Q-^^^Sii^ ? Pr^^^d ^e^e^ of the; jn^^ntipni f^jthe voltage dif^ between -^--y'- j I v 5 
^ -V-fc-;^. Jntenriediate^ybltag^ 

V;; -r Vl^^ prefeiTCc^ifea;tur6.^ 

' ' ;said excitatipil;^^ cdmi3jfises ap even -piurajity^ X^-'y;-' 
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^ . According to a preferred feature of .the invention, the second input is switched to - 
" " ' \ \. ^ the high voltage output or the loW voltage output when a pole of the rotor is ' ^ ' 
^ ^"^ / / positioned In opposed relationship to a pole of the stator. : • ^ . « 

^ . ' . ' According to a prefen^ed feature of the invention, the second input is switched to 
" ' • ' 5 a disconnected state substantially at a predetermined moment selected^ to ' ' " 
minimize transient cun'ents. 

^ ^ ; According, to a preferred^ feature of the invention, the second. Jnput Js -'^ ' 

" , ^ disconnectedfromtheDC voltage source fora substantia! proportion of the cyclic , , ^ 
period. ' \ ^ ' ^ 

10 According to a preferred feature of the invention, the switching of the switching 
' : means is synchronised with the rotation pf the rotor/ 

According to a preferred feature of the invention, the switching means comprises 
. sensing means adapted to cause switching of the switching nneans according to 
. : the rotational position of the rotor. ; : - 7 v . j .... . . <, 

'^i-^^^i^W'S^ ^ b ^preferred: f:€MTi^dim^ ; 

' ! : / ' . . photoelectric.sensor. / - . . ' - , . - ^ ; ^ ; ^ . 

"V ^ . ' ^ sensing means to provide a reference for the rotational position of the rotor. / ' 

:i Accordingly ;to a further aspect, the invention resides in a switched DC rotating 
machine compriising^j^^ 

>^ bonfigUre^ : with^each^'p^^ ^'^^v 

i^U:-r^^ said^pther set, -isaid cpi^ adafprtetf t^ DQ voltage source to: ^ 



V-^v'-^- S;^ cause, said £rnag^^ 

: r/^'iv ^v;means" \^ respiect: • the statpr,; the - > \ : 

y,'X;C^^^ fo iroye^re ta th^^pojes of : . ;0 :•' ; 

■•■^■C^:!^^^ Jiseti the?* DG ^bltaige having a ibW \«)ltage output,^; a^h^ Shci; -iSt ^ 

r /^- ari -inieyrmie^ adajited ihi* ' • v 

f :::>c^ Vjg;. tO: jniputof ;the said QDiis^arid the second input' k; ■ . : S ^ > 

v^^ |being^^a[d^ mean^; between -said . K- K . ' - 

6utpiJtarid^?aid; N 

:* : ■ :v^:.;:i;\^ -'^ a: first ahd-a siecxihd"* ^ " 

; . • plurality of pojes^i^ bfe asspqiated w : • . : v: : c • ^ 

; • :^ v -^^ A ^ ypitage:^^ the output ttierBof fo"a'firet a a 's^ 6f ^- % C; 

^ V V:^^ ; : th6 excitation winding.1^^^ operatidn, the switching rriearia b^eing^ qonfigured-/ ■ 

. ^L: 20 to cause switch^ when a ppte of ,/ . 

^: Vv'.. ^ t^ in opppsed r^latiohship tp a pole of the statory ' ; ^ :^.W'y • : " 

i :.' ;? ^.^; ^^ vr^Accoitlirig to <^ electrid mptor.'- - .^^ 

;v preferred embodiiTient; the exc^^^ is associated with the- : ; \ ^- 

;. ^ V. • *v;;^.^^;^^ • prefeircd electrical; maChinie iis ; an eledric^ M: v ' • 
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^ ^ • switched DC electric motor shown in Figure 1;^ / _ - - ^ 

' Figure 3 is an isometric view of the rotor of the switched DC electric motor of ^" 
( ' Figure 1 in position A; - ^ 

Figure 4 is a front view of the rotor shown in Figure 3 in position A; . . 

10 , Figure 5 is "a front view of the switched DC electric motor shown in' Figure 1 * 
showing the timing wheel in a first position (position A); . - . 

Figure 6 is a front view of the switched DC electric motor shown in Figure 1 
showing the timing wheel in a second position (position's); . . > 

Figure 7 is a front view of the switched DC electric motor, shown in Figure 1 
15 showing the timing wheel in a third position (position C); 

^ . ^, Figure 8 is a front view of the switched DC electric motor shown'^in ffigure 1 
. , .\ showing the timing wheel in a fourth position (position D); ^ . ' - . 

. / : switched DC electrio r^^^' .> 

motor shown in Figure 1 ; ^ ^ ' . - 

20' Figure 10 is a front view of the stator assembly of the switched DC electric motor ^ 
, . shown in Figure 1; [ \ ^ - ^-^ " 



■^'v^/^^v^'^- 
:of -Preferred Em f^'U^^'li'. 

;i - y : 

C t ^^-/^^^^^ ^embodiment 

As shown in the drawings, the electrical motor 100 of the embodiment comprises ' . ^ 

;\ V : : C;f:, 1 3 ^statQCvB^^^^^ a ;bry sh ;assem W ::1 :a;;rot^ 

^: 4 *ir^- sbitor; ^sseimbl;^^^3^^ coitiprises a set -of stator polesk4ay;4b;^^ 4d, 4e^ 4f, :^g^ ;:• • r v 

: ' -4^^^^^^ configured to pr^ 

• - ^^^^^^ 

; :^-:X^^ r-] 5o);hat adjaceni^ nialy^b^; 

; X,: : : ■ y v; ;:2^ all of X^?;- 

■ • I ■ tl;^- -^ej^tatpr coils: " ^ 'K'^-'&'y ^-^ •- -i-y -^^ ' ' ? ^-'^v.^! ■•• ' ' ■ - 5 i^:>'':>;-^- \> '-l -^^ ; 

>l/5v^ ^ ;0 ppiarity,; eherg^ by :a suitabie^ro^ ' j;':, > ..: 

•* ? X ? 

■3-;; :. ( 



10^:^ with/the timing wheel 9 ^ and "being connectablej to electronic 

. - switching devices 18a and 18b to trigger switching devices 18a and 18b in a . / 

sensors 11a and 11b are positioned ' ^ y • 
-r; '};^:A6^ Cooperate with' the tinning tags of the timing wheel; 9. .The phptoelectrip \ \ • ■ 
' / " . sensors 11a. lib are energized by a surtable power source. When the tinhing . 

* back: to. ^11 a' from timing 'w^ tag . 10a,. closing the; , /: 

•^;.J:;\:^:./ * ; switch set 18a., When' the timing wheel is rotated to the position shown in Figure 

: : - • 20 ;limirig:i^A^h€tei':tag- -^^ 

"^^^^ ; to^ thig ;- posrt^ 

; - 11 6 frdm tim^ th$ iritenia 

T lb opens, ending the signal to an electronic switch set 18b. ^ ; : , ^ 
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: ^ ; ;^ it is discdnnepted from either crf the, higi^; br-liqw'^^ ^ 

jnB range.of indiiding;;a:batter^ 
*■ / \ \ ' cells / with a- ta^^^ c^ll prbviding the jntermediate^^^v^^^^^ 

source 19, through stator coils, 5a - 5! in therfo 

vi /^^^^^ ;f : -Dir-ecf ^ current^^ power sou^^ ; ; 

e[ectn6nic:swUch:^ 

y.;; ^^ v^-^^^ ^ 51 :/in the em • : ;; 

> Po!^ 4a 41 :aihd twelve ? v ; ? 

^C/V::v^|'^^^^ iiW.Jn*,bperatio^ 

shaft::1 ahd ro^ 

V , ^^^^ ;Current; from ^ 5 . v':- 

J'ivy; /^v ' stafoF statoI^ poles 4a' - 4^ / 



• in the opposite direction of polarity (Figure 7). - ^ ' 



(D.) Direct current ftom power source 19 fed through switch set 18b to statori^ 
coils 5a -51 is turned off, allowing the magnetization of stator poles 4a -:.j4i;tp ■ 
. , decay (Figure 8). ^ - * . . - ' 

10 This cycle of the switching signal sent by the photo-electric sensors 1 1 a and 1 1 b 
to the solid state switches 18a and 18b to switch the second input to the DC 
voltage source 19 is represented by the graph shown in Figure 12. 

During one complete cycle, the voltage across the stetor coils 5a - 51, rises fix>m 
0 volts to +V volts, almost instantaneously, is held at +V volts for a predetermined 

15 period at which time the switching means disconnects the second input, the 
voltage then falls back to substantially to 0 volts, then is switched almost 
instantaneously to -V volts, is held at -V volts for a second predetemiined period, 
being substantially of the same duration as said first predetemnined 'period, at 
( " which time the switching means again disconnects the second input and the 

20 voltage then rises to substantially 0 volts. 

The switching to a high or low voltage should occur as closely as possible to the 
'moment when poles of the rotor are in directly opposed relationship to 
corresponding poles of the stator. This is necessary so that the electron cun-ent 
flow in the excitation winding 5 immediately after switching is minimized. Testing 
25 has shown that the efficiency of the device is affected by the precision and spepd 
' V y/ith which the switching can be made to occur. ^ . 
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^^^^ ^9!^®f?t:clurin 

^wHjcfi 3 the, reiaisSh^^j^ areViof 'tij 



. . i ' undei^tbpd by^^^^^ 
vC>::;<^^^ norths wliiler^^ 

oppose the rotor pples l6a^^^^^ in=a;^^^ 

f phbtoeiectrie sensor il a is turned circuits to electronic 'switch set:! 

? 51 aiB opened and! ;cun^nt flow ^ source 1;9;thrpughP; 

[^^:^'r}.:T:^20^ y;PtheiTV cease^:-^Back em^ continues to -energize statipr -coiis^ Sa; ~ 51^ until their ■ 
voltage drpps: to 0; volts. Rotor! poles ;1 7 a:'-' A 7% 1 6a f ii meanw ai^. atfracted 
Vt^v^;:^? ;• j^ptes :4ar^ 4 rotor, 2-10^0^ it-s^-plobkwis? v 



■■CM 



O^. ^:^5;;'J^^ tUrried on. Current frpiri dc • pp 1 '9:1':: A i v 1 • 



J'^^^-^^v^^ fofloW: through :t^^ 

.^1^ i ^ i^A;^^^' "j^ ^fv^now* being pppo^ ; :\ 
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10 «lt;should be -noted that the/rotor power supply .mentioned above ^msn^^t^^^ 
, ' - ' independent from the DC power source 19 used to provide electric power to the • 
. /I X \ statpr winding, a^ shown in Figure '1 1 or alternatively power nriay be taken froni ^ . 
^ the DC power source 19 to excite the rotor. ^ 

* " ; It should also be noted that the embodiment comprises an equal number of poles ^ ' 
: , • ^ 15 on the rotor as is present on the stator The actual number on each may differ. 

/ from the number used in the embodiment described, but must be even to provide 

' / number of poles selected wiir be" one of the factors contributing to: the 
^ complications may result . , ; \ . ' ; 
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^ ^ >;example/magnetic.or H sensors may replace the photo-electric sensors: . 

: :V- • .^rMore basically; the switched DC power source, could be applied to lhe rotor rather ! 
: : than^to the stat^^^ without changing the .fundamental/ theory, of operation of the 

<:v-::r^^^ ■ Likewlsei at ...a. fundanriental level, v thoseT s will. know that the j- 

5 theories : used to: produce . a motor cam be adapted -in reverse to .: provide an v 
' electrical generator.^ Thus the embodiment described can readily be adapted as • 
f : a generato^.^ U is tO: be appreciated that all such variations are to be . considered .i 
within the scope of the Invention. , ^ " - 

r *. -Testing: of an electric motor according to the embodiment has shown the motor .to 
>10 ':l have a high coefficient . of perfomianee. It has also been found that motor runs 
copier than a comparable motor of conventional design. 

: ve Throughout, t^ the context requires othenA^ise, the: word . 

: variations such as "comprises" or "comprising-, will be understood : 

■ to imply the inclu^ of a stated integer or group of integers but not the exclusion 
15 of any other integer or group of integers. 
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